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Desofiptfon 

This inventfon relates to adhesive compoaitions that adhere strongly to any of the hard tissues of the 
Uving body, such as teeth and bones, metallic materials^ organic polymers and ceramics, and whose 
5 adhesive strength has good water resistance. The term "adhesive compositions" as herein used not only 
means compositions used for bonding two or more adharends to one another, but aiso means 
compositions used for forming highly adhesive coatings on the surfaces of adherends such as metaillc 
materials and organic polymers, and composHforta used for forming highly adhesive fillings in the repair of 
hard tfssues of the living body, fn other words, the adhesive compositions to which this invention relates 
w comprehend all composittans that exhibit adhesion to and thus are applicable to various kinds of 
substances, such as the hard tissues of the living body, metafttc materials, organic polymers and ceramics. 

Various kinds of metallic materials, organic polymers and ceramics are used for the restoration of 
teeth. When these restorative materials are mounted in the mouth, it is necessary to ensure the adhesion 
between the teeth and the metaf, organic polymer or ceramic and also the adhesion of the restorative v 
js materials to each other, for example, metal to metal, ceramics or organic polymer. In particular, since 
dentistry involves use in the mouth, the adhesion must be satisfactory under wet conditions. 

Numerous and varied attempts to use phosphate compounds in adhesive compositions have already 
been made in the dentistry field. 

(1) U.S. Patents Nos. 4,259,075, 4,259,117 and 4,368,043 indicata that a polymarizable composition 
20 containing a vinyl compound having a group of the formula: 



O 0 

n !i 

0— 0-_p_0__C or C— 0— P— C 
25 I I 

OH OH 



is effective as a dental adhesive. U.S. Patent No. 4,222,780 indicates that a polymerizable composition 
containing a vinyl compound having a group of the formula: 
30 • . 

O 

1 

C— P— C 
I 

3S OH 

is an effective dental adhesive. Some of the compositions falling within the above patents have been 
widely used as primers for coating the cavity wall before a tooth cavity is filled. However, there were the 
problems that the cavity wall must be acid-etched beforehand in order to provide satisfactory adhesive 
40 strength to the tooth and that the adhesive strength to a IMt— Cr alloy commonly used in dentistry was not 
satisfactory. 

(2) Attempts to obtain adhesives having adhesion to teeth using polymerizable phosphate compounds 
have been made, e.g. 

(i) U.S. Patent No. 3,882,600 describes phosphoryl monoftuorfde; 
45 (ii) Journal of Dental Research, vol. 53, p. 878—888 and vol. 56, p. 943—952, Chemical Abstract, vol. 77, 
p. 2dO (6617^ g) and Japanese Patent Application Laid-open No. 44152^1976 describe CHs^CH— POIOH), 
and CH,=CHC5H4CHaP0(0H),; 

(Hi) Japanese Laid-open Patent Application No, 113843/1978 shows compounds obtained by 
neutralizing one of the two hydroxy! groups in compounds of the formula: 

50 

0 
I 

R— O— P-OH 



where R represents an organic residue having at least one vinyl group, specific examples of which include 
the following {where M represents an alkali metal): 



eo 



2 
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CH3 

CH2-CHC5H40PO(OH) <0M) , CH2="C-COOCH2CH20PO(OH) (OM) , 

CH2=CHCH20PO(OH) (OM) , CH2=CHCH2/ O VoPOCOH) (OM) , 

W <?H3 CH3 

CH2=C-COOCH2CH2CHCH2CH20COC='CH2 , 

6 

HO-P=0 

IS f 

OM 

CH3 

2^ CH2=C:-COOCH2CH20CH2CHCH20PO(OH) (OM) , 

OPO(OH) (OM) 

CHn 
I ^ 

2S CH2=C-C0OCH2CHCH2OPO (OH) (OM) . 

CH2-CC0O 



JO 



4S 



SO 



so 



CH 



3 



(iv) Japanese Patent Publlcaiion No. 49557/1982 describas meth8cryioyloxyethane-1,l-ciiphosphonic 
acid of the following formula: 



M CH3 o=Yoa 

H2C = C - COOC - CH3 

I OH 

40 ^OH 

as an adhesive component in a dontal adhesive. 

In the case of all the compounds described in (i) to (Iv) above, high adhesive strength (especially to 
metalsf under wet conditions cannot be obtained. 

European Patent Specification No. EP— A— 58483 describes that a polymerizable monomer having a 
PM:i bond or P— Br bond is effective as an adhesive component. However, the compounds illustrated in 
this patent specification do not provide sufficiently high adhesive strength when applied to teeth and 
metallic materials. 

Further, attempts to use phosphate compounda in adhesive compositions have been made widely In 
various industries. Examples are disclosad in U.S. Patents Nos, 3,754,972, 3,884,864, 3,987,127. 4,001,150, 
4,044,044, 4,223.115, Japanese Uld-opon Patent Application Nos. 20238/1974, 100596/1975, 125182/1976, 
12995/1978, 11920/1981 and 44638/1982, and Japanese Patent Publication Nos, 4126/1980, 4790/1980. 
Howevar, none of the phosphate compounds described in the above patent literature is free from problems 
associated with the retention of adhesive strength in the presence of water. 
55 The present invention provides an adheswe comprising 

(a) 1 part by weight of a polymerizable mononrier represented by the formula: 

O q 

I II » . 

H2C=C— C-X^ ~^a"^^2>k"^~^ ^ ^ 

Z 



in which k is 0 or 1. Ri is a hydrogen atom or methyl radical; R, is a Ce-« organic residue not containing an 

H, 0 

65 ' II 

HjC^C — C — Xt*"" 
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group and not containing a 

O 
1 

-P-Z 

* I 

Z 

group: each of X, and Xj, which are the same or different, is an oxa or thfa group or a group NR', where R' 
is a hydrogen atom or a C,.^ hydrocarbon group, and 2 is a hafogen atom {f, CU Br or I); and 
fO [b] 0 to 199 parts by weight of monomer that ts copolymerizable with said monomer (a). 

In the adhesive of this fnventionr the above-mentioned compound of formula (I) fs used as a monomer 
that on polymerization, imparts adhesive properties. (This monomer may be referred to as aditesive 
monomer.) 

Compositions of the present fnventfon can be used for bonding a hard tissue of the living body with 
fs another such tissue or a material for restoring the tissue {for example, a metal, an organic polymer or a 
ceramic material), or for filling and restoring such a hard tissue (e.g. a tooth), for coating the Inside of a 
cavfty of a tooth before flllrng, for bonding and fixing a tooth and a dental restorative material (e.g. inlay, 
onlay, abutment, tooth, bridge, post, splint, orthodontic bracket or crown), for bonding dental restorative 
materials to each other (e.g. abutment tooth and crown), as a pit and fissure sealant for coating a tooth 
20 surface to prevent caries, for bonding metals, organic polymers and ceramics, or as adhesives in coating 
agents or paints to form a coating having excellent adhesion on the surface of a metal or a ceramic 
material. 

As compared with the adhesive monomer exemplified in the abovementioned Japanese Laid-open 
Patent Specification No, 161607/1982, the adhesive monomer of the adhesive of this Invention has an of 

25 higher carbon number. The Japanese Patent Specification does not mention that the adhesive strength is 
greatly affected by the carbon number of the organic residue connecting the polymerizable group having a 
double bond and the — POO^ or — POBrj group, whereas the present inventors unexpectedly found that as 
the carbon number of Ha is increased, the resulting adhesive firmly adheres not only to teeth, but also to 
metallic and ceramic materials. 

30 The term "organic residue' is used heroin to denote an organic residua made up of a carbon skeleton 
which may have a hetero atom (0. S. N or P), preferably 

(i) a C,_io hydrocarbon group, optionally having a hydroxy, carboxy or halogen {F, Ci, Br or 1) 
subatituent; or 

(II) a C,_3o organic residue in which from two to seven Ci_j« hydrocarbon groups, at least one of which 
3s has 3 or more carbon atoms, optionally having a hydroxy, carboxy or halogen substituent, are connected to 
one another through a 

OS 0 0 S R'O 

II II 11 I II < 

^ -0-, -S-. -C-0-, -C-0-, -C-S-r -C-, -C-, -N-C-, 
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H 0 O 0 

I i II II 0- 

-N-C-O-i -N<, or -0-P< 

II °- 

0 



linkage (wherd R' is as defined above). 
so Organic residues having the above structure (ii) include those in which the main chain is made up of 
two or more hydrocarbon groups and some of the hydrocarbon groups constitute the side chain of the 
skeleton, illustrated below are the hydrocarbon groups (represented by A) connected through the linkage 
(represented by B). For simplicity, groups having the double bond are shown as [C-C| and oxyhalogenated 
phosphorus is shown as [P]. 



so 



lC=Cl-Ai-JPl 



(C-Cl-Ai-Bi-A2-B2-A3-IC«Cl 

I 

[P] 

IC»C)-Ai-Bi-A2-tPl 
I 

A3 



to 
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[ C^CJ - Ai -Bi -A2 -B2 -A3 - [ P ] 

V 

A4 



IC=C1 

>Ai-Bi-A2-lPj 
tC»CI I I 

A3 B2 
A* 



15 



20 [ 



It 



(C=CJ-Ai-Bi-A2-B2-A3-(P] 

I 



The term "hydrocarbon group" as used in this specification includes halogenated hydrocarbon 
groups, unless otherwise noted, 
w The above-mentioned compound (0 exhibits the highest adhesive strength and firmly adheres to teeth, 
metallic materials, and ceramic materials when k is 1, X, and Xg are —0—, and is: 

(i) -fCHiJff- (where n is an integer from 6 to 20.1 



tii) -CH2-(S^ , -CH2-(h^ r or -CH2CH2CHCH2CH2- 

^— ^^CH2- / CH2* » 



(iii) Wq-OH@^ (where <j is 2, 3, or 4.) 

— CHjCH— 

1 

^ff CH,0(C0)p-R6 

[where p is 0 or 1, and Rt, is a C^-is hydrocarbon group.] 

Examples of the adhesive monomer used in this invention are shown below. 

SU ^ 

M II 
H 2C-C-COCHCH2-) fi-O-P-Cl 

CI 



(Iv) 



(jH3 0 



40 



II 

H 2C=C-COO-fCH24 8-0-P-Br 

I 

Br 

I 

I 

S5 CI 
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CH3 0 
I II 

CI 



H 
I 

CI 

CH3 0 
I I 

H 2C«C-C00f CH2^ iq-O-P-F 

F 



CH3 O 

I I) 
H 2C -C-COOCH 2CH 2CHCH 2CH 2-0-P- F 

I I 
CH3 F 



CH3 O 

H2C«C-COOCH2-(h)-CH2-0-P-C1 

^ I 
CI 



CH3 0 

I il 

H 2C=«C-C0CX:h 2CH 2OCH 2C2C CH 2OCH 2CH 2-0-P-I 

1 

I 



CH3 0 
R 2C=C-C00CH 2-(o)-CH2-0-P-Cl 

CI 



CH-i 0 
H2C=C-C00CH 2CH 20-/o)-OCH 2CH 2-O-P-CI 

CI 



CH3 0 
H 2C=C-COOfCH24 4-6'(o)-0-tCH2-) 4-O-P-CI 

CI 



6 
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CH3 CH2OH 0 
I i II 

H2C«C-COOCH2C-'CH2-0-P-Cl 

CH2CH3 CI 



CHi 0 O .0 

1 II ^ II li 

H2C»C-COOCH2CH20CNH-^-NHCOCH2CH2-0-P-Cl 

CI CI 



CH3 0 

I II CI 

H9C=C-C00CH2CH-0-P< 
^ CI 



CH2>7CH3 



CH3 0 

I II 
H 2C=C-C00CH 2CH-0-P-Br 



CH3 0 

1 II 

H2C»C-C004CH2CHOi6-P-Cl 

1 I 
CH3 CI 



CH3 O 

' r\ « 

H 2C='C-C00CH 2CH 2OOC- (OVCOOCH 2CH 2-O-P-CI 

GOOH CI 



CH3 CH3 0 

H 2C-C-COO-(o)-C-(oVo-P-Cl 

I I 
CH3 CI 



CH3 0 
H2C=C-C00-(o)-C-(o)-0-P-Cl 

0 CI 
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CH3 



0 



H 2C»C-COO-^-S-^o)-0-P-Cl 



I 

CI 



CH3 o 

I I 

H 2C»C-COO-^^-S-^-0-P-Cl 

0 CI 



CHi O 

I « 
H 2C-C-COOCH 2CH-O-P-CI 

CI 



CH2O0CfCH2+6~CH3 



I ^ 



0 
II 



H 2C=C-C00CH 2CH-O-P-CI 

CI 

CH200C-^-0 



\ 

0 CH2 



CH3 0 

I II 

R 2C-C-COOCH 2CH-O- P-Cl 

CI 

CH20-(o) 



CH3 0 
I ' II 
R 2C-C-C00-^-P-Cl 

CI 



H 0 

H 2C -C -COO- ^oV S - P- CI 

I 

CI 



CH3 CH3 o 

I I I 

H 2C-C-C0ONaf CH 2> S'N P-Cl 

I 

CI 
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CH-i 
I 



H 
I 

C«CH2 

! I 

CONK-tCH^) j-CH-tCHj-) 3-OOC 



0 
II 

0-P-Cl 
CI 



CH3 |4CH24 5-CH3 O 
H 2C-C-C0N+CH 2-) 1 0— 0— P-Cl 

CI 



CH3 O 

I II 
H2C-C-COOCH2CH 20-P-0-tCH2-> 6-0-P-Cl 



CH3 o 

I II 

H 2 C»C-C0Of CH2 CH2 CH 20f j -P-Cl 

CI 



(where j = 2 to 10) 



CH3 0 

I II 
H2C«C-COSiCH24 6-0-P-Br 

Br 



CH3 0 

1 I 
H 2C«C-C00KH 2-) 

I 

CI 



F OH 

H 2C'C-C00CH 2CH 2\ O )-CH 2CH 2O-P-CI 

/\ CI 
F F 



9 
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H 0 

I » a 

H jC'C-COOCH 2CH-0-P< 

ll 



CH3 
I 

H 2C-C-COOCH 2CH 2C0Sf CH 24 4-S-P-CI 

CI 



CH3 O 
H 2C=C-C0O-^o)"C-(o)-0-P-Cl 



I 

CI 



H CH3 CH3 0 

H 2C=C-C00CH 2CH 2N- (O^NCH 2CH 2O-P-CI 

CI 



CH3 CH3 
I I 
H2C=C-COOCH2CH 20CC-eCH2-> 3-CHf CH2-) 3-COOCH2CH2OOC-C-CH2 



0-P-Cl 
1 

CI 



CH3 0 
H jC-C-COCCH 2CH 2O- ^O/-0-CH 2-CH 2O-P-P 

OCH3 



CH3 

H2C=C-COOCH2 CH3 0 
11^ II 

CH N— < 0 ) O- P- Cl 

CH3 j ^1 
I I OCH3 Cl 

H2C-C-COOCH2 
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COOCH2CH3 
CH3 / o 

I A II 

H2C-C-COOCH 2CH 20-(O)-0CH 2CH 2O-P-CI 

/ CI 
COOCH2CH3 



CH3 
I 



H2C-C-C0OCH 2CH0-P< 



I CI 



CI 



CH2OOCCH2CH2CH3 



20 



25 



CH3 0 

I II CI 

H2C«C-COOCH2CHO-P<^^ 



CH20OCfCH2TlS-CH3 



In the case where R, in ttie compound of formula (1) has a carbon number of ^ or less, ihe resulting 

30 adhesive is extremely poor in adhesion to teeth, metallic materials, and ceramic materials and Is also poor 
in water resistance of adhesive strength, as compared with the adhesive of this Invention. In general, there 
is a tendency that as the carbon number of R, increases, the resulting adhesive Increases in adhesive 
strength. When R, has the carbon number 6, the desired result is achieved; and when R, has the carbon 
number 8 to 20, the adhesive exhibits the highest adhesive strength. As the carbon number of R, Increases 

35 more than 40, the resulting adhesive becomes poor in adhesive strength. Therefore, it is necessary that the 
carbon number of R„ should be lass than 40. 

The adhesive of this Invention is formed by mixing the compound of formula ID with a vinyl mononrier 
copolymertzable with the compound. The copolymerizable monomer affects the viscosity, wettability, 
curability, and mechanical properties of the adhesive. Thus it should be properly selected according to the 

40 intended use of the adhesive. Usually, it is (meth}acrylate type monomer, styrene type monomer, or vinyl 
acetate. The monomer is not limited to them, however. It also includes {meth)acrylamide, N-n-butoxy- 
methyKmethlacrylamide, N-(hydroxymethYl)acrylamide, and other acrylamides; and {meth)acryllc acid, 
isobutylvinyl ether, diethyl fumarate, diethyl maieate, maleic anhydride, methyl vinyl ketone, allyl chloride, 
vinyl naphthalene, and vinyipyrldine. The above-mentioned styrene type monomer includes those 

45 compounds (such as divinyl beniene and p-chlorostyrene) represented by 



so 
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CH2-CH-^ or CH2CH-(o^ 



(where Q dsnotos a halogen or a C|_e hydrocarbon group). The (meth)acrylate type monomer is one which 
is commonly used for anaerobic adhesives and dental adheslves. It is a (methlacrylate monomer 
represented by 

Ri 

I 

(CH2=CH-C00)rU 

^ {wherein R, denotes H or CH3, U denotes a C,.«, organic group, t denotes an integer of 1 to 4. and the 
organic group is defined abovel. Examples of such monomer include the following. 

(i) MonofunctionaMmethlacrylate , , 1 u i 

Methyl (merh)acrYlate, ethyl (methJacryiate. n-butyl (meth)acrvlate. iso-butyi (methlacrylate, n-hsxy 
^ (methlacrylate, 2-ethylhexYl (meth)acrvlatQ, benzyl (methlacrylate, decyl |meth)acrvlale, lauryl 



n 
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(meth)acrylate, stearyl (meth)acrylate, 2-hydroxyethyi (methlacfvlate (HEMA), 2-hydroxypropyl 
(rnethlacryiate, dimethylaminoethyl Imethtacivlate, diethylaminoethyl (meth)acrytater3-chloro-2-hydroxy- 
prapyi methacryiate, and 2,3-dfbromopropyl (meth)acrylate. 

(ii) Difunctronai (methi)dcrylaTe 

a) One in which U is — CHaCHjIOCHaCHa),— or 

— CHjCH(OCH,CH),— 

I I 
CHj CHa 

(where s is an integer of 0 to 16) 

Ethylene glycol diCmethlacrylate, diethylene gfycoi di(meth)acrylate, triethylen© glycol dXmeth}- 
acrylate, tetraethyiene glycol di(meth)acrylate, polyethylene glycof di(meth)acrylate, propylene glycol 
di{meth}acrylate, df propylene glycol di(meth|acrylate, and tripropytene glycol di(meth)acryiate. 

b) One in which U la an allcylane of carbon number 3 to 12 

Propanediol difmethlacrylate, glycerin dl(meth)acryiater 1,3-butanedloi dKmethlacrylate, 1,4- 
butanedtol df(meth)3cryiate, 1,5-peman8dlol dt{meth)acrylate, 1,6-hexanedIoi df(m8th)8cryiate, neopentVI- 
glycol dt(meth)acrylate, .1,10-decanediol di(meth)acrylate, and 2,3-dibronioneopentyl glycol 
dimethacrylate. 
c) One in which U has a residue of bisphenol-A derivative 

Bisphenol-A dHmeth)acrylate, 2.2-bis[{meth)acrYloyiaxy poiyethoxyphenyllpropane, 

I I I 

tCH 2^=^-000 ( CH 2CH 2O ) t-^-C«-Q- ( OCH 2CH 2 ) t-0-OC-C«CH 2 
where t is an integer of 1 to 91, 

2,2'-bis<4-acryloyloxy propoxyphenyOpropane, and 2,2-b!s(4-(3-methacrylQyloxy-2-hydroxvpropoxy^- 
phenyljpropane (Bis-GMA). Preferable among them are those in which U has a carbon number 15 to 30. 
d) One in which U is 

OH OH 

I I 
— CHaCHCHjOICHaCHJyOCHj CHCHy- 

(whsrein u fs 1 or 2) 

1 ,2-bis[3-(meth)acryloyloxy-2-hydroxypropoxy|ethaner and 1,4-bis(3-(meth)acryloyloxy-2-hydroxy- 
propoxyi butane. 

el One in which U is JOCONHTNHCOOJ (where J denotes a Cj-io alkylene, and T denotes an organic 
diisocyenate residue of carbon number 1 to 60). 

Urethane d](meth}acrylata, as disclosed in Japanese Patent Laid-open No. 687/1975. 



Tri- and tstrafunctional methacrylates 
Trimethylol propane tri(meth)acryiate, trimethylo I ethane tri(meth|acrylate, tetramethylolmethane 
tetra(meth)acrylate, and N,N'-(2,2^4-trimeihylhdxamethylene) bis {2-am{nocarbo)(y)propane-1^iol]tetra- 
methacrylate. 

The above-mentioned copoiymerizable monomers are used individually or in combination with one 
another. The most preferred one for demal adhesive Is methacrylate ester, and rt should preferably account 
for more than 50 vyft% of the total copoiymerizable monomer. Preferred examples of methacrylate ester 
Include methyl methacrylate, ethyl methacrylate, HEMA, n-hexyl methacrylate, benzyl methacrylate, lauryl 
methacrylater bis-GMA, bisphenol-A dimethacrylate, 2,2-bis((meth)acryloyloxy polyethoxyphenylj- 
propene, ethylene glycol dimethacrylate, diethylene glycol dimethacrylate, triethylene glycol 
dimethacrylate, 1,6-hexanediol dimethacrylater 1,10-decanedlol dimethacr/lata, neopentyl glycol 
dimethacrylate and trimethylolethane trimelhacrylate. 

In the adhesive of this invention, the compound of formula (I) should be contained more at than 0.5 
wt% in the total polymerfzable monomer; In other words, the above-mentioned copoiymerizable monomer 
should be used in an amount of 0 to 199 parts by weight for 1 part by weight of the compound of formula (I). 
If the content of the compound of formula (1) Is less than 0.5 wt%, the resulting adhesive is insufficient In 
adhesive strength. The compourfd of formula (I) should preferably be used more than 1.5 wt%. 

The adhesive of this invention exhibits its adhesive strength when polymerized and cured after 
application to the adherend or filling into the cavity. The curing is accomplished physically with heating or 
irradiation of X-rays, ultraviolet rays, or visible light or chemically with a polymerization initiator. Usually, 



12 
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the adhesive Is incorporated with a photosensitizer or a polymerization initiator to facilitate curing. They 
are coHectfvely called a curmg agent this Invention. The curing agent that can be used in this tnvention 
includes organic peroxides, azo compounds, organo metal lie compounds, redox initiators, and 
photosensitizers for ultraviolet rays and visible light. Their examples include benzoyl peroxide, dM-butyl 

5 peroxide, cumene hydroperoxide, t-butyihydroperoxide, methyl ethyl ketone peroxide, azobisisobutyro- 
nitrite, organic sulfinic acid (or salt thereof), tributyt borane» hydrogen peroxide/Fe^ ^ salt, cumene 
ttydroperoxide/Fe''* salt, benzoyl peroxfde/N,N-dlalkYlanriine derivative, ascorbic acidyCu^* salt organic 
sulflmc acfd {or salt thereofl/amine (or salt thereofl/peroxide, a-diketons/allylthiourea (visible light curing), 
benzoin methyl ether, benzoinethyl ether, benzyl, dfacetyl, dlphenyldisulfide. and df-P-naphthyl sulfide. 

to Preferable among them are benzoyl peroxide, a^obisisobutyronitrile, m'butyl borane, and organic sulftnic 
arid (or salt thereofl/dtacyl peroxide/aromatic secondary or tertiary amine (or salt thereof). The aromatic 
sulfinic acid includes benzenesulfinic acid, p-toluenesulfinic acid, P-naphthalenesulflnic acid, and styrene- 
sulfinic acid. The cation which forms a salt with the sulfinic acid is an aikail metal ion, alkaline earth metal 
ion, or ammonium ion. The former two preferred from the standpoint of storage stability and adhesive 

IS strength. Their examples are U*, Na*, K*, (Vlg'% Ca**, and Sr^*. The preferred examples of aromatic 
amines include N,N-dimethylaninne, N.N-dimethyl-p-toluidine, M.N-diethanolanillne, N,N-d)-ethanol-p- 
toluldine, N-methylaniline, and N-methyl-p-toluidine. These amines may form a sait with hydrochloric acid, 
acetic acfd, or phosphoric acid. The diacyl peroxide includes benzoyl peroxide, m-toluoylperoxide, 2,4- 
dichlorobenzoyi peroxide, octanoyi peroxide, lauroyi peroxide, and succinic acid peroxide. Preferable 

20 among them are benzoyl peroxide and m-toluoyl peroxide. These curing agents are added in an amount of 
0.01 to 20 parts by weight preferably 0.1 to 15 parts by weight for 100 parts fay weight of the polymerlzable 
monomer. 

In some cases, it is desirable to incorporate the adhesive of this invention with a volatile organic 
solvent having a boiling point lower than IBO'C at 101 KPa (760 Torrj. Such an embodiment is preferable 

25 where the adhesive of this invention Is used as a primer lo be applied to the tooth cavity prior to the filling 
of a dental filling material. After application, the volatile organic solvent is vaporized by blowing air or 
nitrogen so that a film of the adhesive is formed on the adherend. The preferred organic solvent includes 
methanol, ethanol, acetone, methyl ethyl ketone, methyl acetate, ethyl acetate, dichloromethane. 
chloroform, ethyl ether, fsopropyl ether, and toluene. The volatile organic solvent is used in an amount of 

30 less than 300 times (by weight), preferably less than 100 times, the weight of the total pclymerizable 
monomer. Dilution in excess of 300 times results in a great decrease in adhesive strength due to an 
excessively thin film of polymerizable monomer formed after the volatilization of the solvent 

The adhesive of this invention may be incorporated with a known filler (inorganic, organic polymer, or 
inorganic-organic comosite type). When incorporated with a filler, the adhesive of this invention can be 

3S used as a dental cement (for adhesion and filling), dental composite resin, and bone cement. The filler 
should be added in an amount of less than 1000 parts by weight preferably 20 to 500 parts by weight for 
100 parts by weight of the polymerizable monomer. The filler improves the rheological properties of the 
adhesive composition at tha time of its use, the mechanical prooerti'es of the cured adhesive, and the 
adhesh/e strength and the resistance of the adhesive strength to water. Examples of the inorganic filler 

40 include natural minerals such as quartz, felstone, pottery stone, wall-astonite* mica, clay, kaolin, and 
marble; ceramics such as silica, alumina, siiicon nitride, boron carbide, boron nitride, soda glass, barium 
glass, strontium glass, borosllfcate glass, and lanthanum-containing glass ceramic; and water-insoluble 
inorganic salts such as bariurn sulfate and calcium carbonate. Usually, the inorganic filler undergoes 
surface treatment with a silane coupling agent such as ymethacryloyloxypropyl trimethoxy silane, vinyl 

45 trimethoxy silane, vinyl triothoxy silane, vinyl trichlorosilane, vinyl tris(2-methoxyethoxy)silane, vinyl 
triacetoxy silane, and y-mercaptopropyl trimethoxy silane. The organic polymeric filler includes 
polymethyl methacrylate, polyamide, polyester, polypeptide, polysulfone, polycarbonate, polystyrene, 
chloroprene rubber, nitrile rubber, styrene-butadiena rubber, and polyvinyl acetate. The inorganic-organic 
composite type filler includes the ci lane-treated Inorganic filler coated with the above-mentioned polymer. 

so These fillers are used individually or In combination with one another. The filler may be of formless, 
spherical, lamellar, or fibrous, having a particle diameter smaller than 100 ^m. The polymeric filler may be 
dissolved in the polymerizable monomer or a volatile organic solvent. Inorganic fillers and inorganic- 
organic composite type fillers are preferable where the adhesive of this invention is used as a dental 
cement or dental composite resin, and organic fillers are preferable where It is used as a bona cement 

ss In the case where the adhesive of this invention is intended for industrial use and home use, the 
adhesive may be incorporated with an organic solvent-soluble polymer such as PMMA, polystyrene, 
polyvinyl acetate, chloroprene rubber, butadiene rubber, nitrile rubber, and chlorosulfanated polyethylene 
■ tn an amount of less than 200 parts by weight, preferably less than 120 parts by weight for 100 parts by 
weight of the vinyl monomer composition, whereby the adhesive is Increased in viscosity and the 

^ mechanical properties of the cured adhesive are improved. 

In addition to the above-mentioned additives, the adhesive of this invention may be incorporated with 
a polymerization inhibitor [e.g., hydroquinone methyl ether (M5HQ}|, antioxidant [e.g„ 2.6-di-tert-butyl-p- ' 
cresol (BHT)], ultraviolet absorbing agent pigment, phthalic acid diester, silicone oil, etc, as occasion 
demands, according to the performance required. These additives are added in an amount of less than 10 

95 
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parts by weight preferably less than 5 parts by weight, for 100 parts by weight of the poiymerizabia 
monomers. 

In the case where the adhesive of this invention is used in the dentistry and orthopedics, a redox 
initiator of room temperature curing type is commonly used. In such a case, the oxidizing agent and the 
s redudng agent should be packed separately to ensure storage stability, and a special attention should be 
paid to the package form. Eptamples of the package form Include the two-pack systems, each pack 
containing vinyl compound plus reducing agent and vinyl compound plus oxidizing agent; vinyl compound 
plus oxidizing agent (or redudng agent) and volatile organic solvent plus reducing agent (or oxidizing 
agent); vinyl compound plus oxidizing agent (or reducing agent) and filler plus reducing agent (or oxidizing 
agent); or vinyl compound plus filler plus oxidizing agent and vinyl compound plus ftller plus reducing 
agent In the case of the three-component system composed of organic sulfinic acid (or salt thereof )/amlne 
(or salt ther9of)/peroxide, which Is most suitable for the adhesive of this invention, the sulfinic acid and 
amine function as the reducing agent and the peroxide, as the oxidizing agent In this case, a three-pack 
system may be employed in which the sulfinic acid and amine are separated from each other. 

In the case where a photosensitizer is used as a curing agent, the package containing the vinyl 
compound and photosensitizer should be stored In a container shielded against light In the case where an 
initiator (such as tributyl borane) is employed which initiates polymerization in a short time on contact with 
the vinyl compound, the initiator and the vinyl compound should be packed separately from each other. 
The two-pack adhesive composition is mixed together immediately befare use. 
^ The adhesive of this Invention exhibits outstanding adhesion for a variety of materials as enumerated 
below, and keeps the high adhesive strength under a wet condition over a long period of time. 

(i) Hard tissues of the living body, such as teeth and bones. 

(ii) Base metals and alloys thereof such as iron, nickel, chromium, cobalt aluminum, copper, zinc, tin, 
stainless steel, and brass; and noble metal alloys containing 50 to 90% of gold or platinum, which are 

2S difficult to bond with a conventional adhesive. 

(iii) Ceramics such as glass, porcelain, silica, and alumina. 

(iv) Organic polymers such as polymethyl methacrylate, polyester, polyamide, polyurethane, 
polycarbonate, polysulfone, and polystyrene. 

Because of its ability to exhibit high adhesive strength for a variety of materials as mentioned above, 
W the adhesive of this Invention will find use in various application areas. Examples of preferred applications 
are as follows: 

(i) Dentistry 

The adhesive ts applied to the wall of a tooth cavity to be filled with a composite resin which is usually 
39 composed of a polymerizabfe monomer, filler, and polymerization initiator. When supplied to the dentist, 
the adhesive is combined with the composite resin to iform a system. 

The adhesive composition incorporated with a filler is used as a composite resin to be filled In the tooth 
cavity. Not only does the adhesive composition function as a filling material but also itfirmly adheres to the 
tooth. 

« 

^ The adhesive is used to bond an inlay, onlay, or abutment to a tooth cavfty; to fasten a bridge* post 
splint or orthodontic bracket to teeth; or to bond a crown to an abutment 
The adhesive is used as a pit fissure sealant 

For each application, the specific composition of the adhesive is selected as mentioned above. For 
example, if the adhesive is to be coated on a tooth prior to the filling of a composite resin, the adhesive 

^ composition may be prepared according to the recipe as shown in U.S. Patent Specifications 
US— A— 4,259,075 and 4,259,117. That is, the adhesive composition is made up to 1.5 to 100 wt% of the 
above-mentioned vinyl compound (which exhibits adhesion on polymerization), a poiymerizable monomer 
(such as bis-GMA, HEMA, and aliphatic dimethacrylatel, an organic solvent (such as ethanol) as a diluent 
and a curing agent of room temperature curing type. Also, if the adhesh/e composiiton is to be used in the 

^ form of a composite resin, it Is prepared according to the recipe shown In the above-mentioned U.S. 
Patents Specifications. That is, the above-mentioned adhesive vinyl compound is added in an amount of 
1.5 to 50 wt% (based on the total poiymerizable monomers) to a conventional filler meterial composed of 
20 to 40 wt% of poiymerizable monomer (such as bIs-GMA) and 80 to 60 wt% of filler. 

The adhesive thus prepared is applied to a tooth in the usual way. On curing, the composite resin 

55 adheres to a tooth so firmly that it is not necessary to provide mechanical retention such as undercut {It is 
preferable to subject the tooth surface to acid etching before the adhesive of this invention is applied to the 
tooth; however, it provides practically sufficient adhesive strength without acid etching, unlike the 
compositions disclosed In the US— A— 4,259,075 and 4,259,117. There Is some fear for the Injurious effect 
of acid etching on the dentin.) 

so The adhesive composition to bond an inlay, onlay, or crown to a tooth cavity or abutment should 
preferably be composed of 1.5 to 50 parts by weight of the adhesive vinyl monomer, 98.5 to 50 parts by 
weight of the copolymerizable monomer, and 50 to 500 parts by weight of filler. With the adhesive 
composition thus prepared, it is possible to achieve the bonding of an inlay, oniay, or crown to a tooth 
cavity, which could not be achieved with a conventional luting cement. 

Sff In an additional application in the dentistry, a liquid composed of the adhesive vinyl monomer, 
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copolyfTierizable monomer, and curing agent ia applied to the tooth surface, followed by curing, so that the 
firmly-bonding film formed on the tooth surface prevents tooth decay. 

(nl Orthopedics 

s The adhesive composition of this invention will find use as a bone cement to bond a ceramic or 
metallic artificial joint or splint to a bone. The adhesive composition for such use should preferably be 
composed of 90 to 98.5 parts by weight of methyl methacyiate, 10 to 1 .5 parts by weight of adhesive vinyl 
monomer, and 50 to 150 parts by weight of filler (e.g., PMMA). 

10 Oil) General indu?rtria( and home uses 

Because of its outstanding adhesion to metals, caramics, and organic polymers, the adhesive of this 
Invention will find general use in the areas of transport, electric machines, building materials, can 
manufacture, ceramic industry, and home appliances. It will also find use as a coating material such as a 
paint and an under coating. When used for coating, it adheres much more firmly to the substrate than the 

w existing adhesive of polymerization curing type (such as cyanoacrylate, epoxy resin, and second- 
generation acrylic adhesive), even if the substrate !s stained with oil or wetted. This Is a surprising feature 
of the adhesive of this inventfon. 

Having generally described the Invention, a more complete understanding can be obtamed by 
reference to certain specific examples, which are intended for purpose of illustration only and are not 

20 intended to be limiting. 

Production Example 1 

The adhesive monomer used in this invention was prepared as follows: Into a 200-cc three-neck flask 
were charged 56 g of methacrylic acid, 76 g of 1,6-hexane-dlol, 6 g of p-toluenesulfonlc acid, and 0.2 g of 

25 IVIEHQ. The reactants were heated to 85^0 under a reduced pressure of 23 KPa (170 mmHg), and the 
reaction was carried out for several hours, while blowing oxygen, until water was not distilled any longer. 
The reaction liquid was cooled to room temperature and then transferred to a separatory funnel. The 
reaction liquid was washed with 5% aqueous solution of sodium carbonate until the washings became 
alkaline. The reaction liquid was further washed with five 100 cc portions of neutral water. After 

30 dehydration with anhydrous sodium sulfate, the reaction liquid, with 1 2 mg of f^EHQ added, was heated to 
80*0 under reduced pressure to remove the residual water. Thus there was obtained 7A g of a mixture of 
1,6-hexanedlol monomethacrylate and 1 ,6-hexanediol dimethacr/late. The analysis by high-performance 
liquid chromatography (HLC) showed that the content of monoaster was 75 mol% and the residual quantity 
of feedstock diol was less than 0.5 wt%. 

36 Into a 500 cc reactor was charged 22.9 g of phosphorus oxychloride dissolved in 100 cc of ethyl ether, 
followed fay cooling to -50°C. 40.5 g of the previously prepared methacrylic ester mixture ad 15.4 g of 
triethylamine, both dissolved in 100 cc of ethyl ether, were added slowly dropwise, through a 200 cc 
dropping funnel connected to the reactor, to the phosphorus oxychloride solution, with vigorous stirring, 
while blowing dry nitrogen. After dropping was complete, the reaction liquid was kept at -30'C for 3 hours, 

40 and then the reaction liquid was warmed to room temperature. The triethylamine hydrochloride which had 
separated out was filtered off by a glass filter. To the filtrate was added 40 mg of MEHQ and the ethyl ether 
was distnied away under reduced pressure to give nonvolatile liquid residue. DImethacrylata in the residue 
was extracted out with four 200 cc portions of n-hexane, and then residual n-hexane in the residue was 
distilied away under reduced pressure. Thus there was obtained 32 g of oily substance. It was confirmed by 

45 elemental analyses and H'— and P'^— NMR that the oily substance is a compound of the following 
formula: 

CH3 O 

1 i 
^ H2C=C-COOiCH2i6-0-P-Cl 

CI 

Production Example 2 

S5 The adhesive monomer used In this invention was prepared as follows: Into a SOO-cc three-neck flask 
were charged 56 g of methacrylic acid, 92 g of 1,10-decanediol, 6 g of p-toluenesulfonlc acid, and 0.2 g of 
MEHQ. The reactants were heated to aoX to make a uniform solution. The flask was evacuated to 150 
mmHg, and the esterificatlon reaction was carried out at SO^'C while blowing oxygen with stirring. The 
reaction was ceased when water was not distilled away any longer. After cooling to room temperature, the 

m reaction liquid was diluted with 150 cc of n-hexane. The solids which separated out on dilution were filtered 
off, and the filtrate was washed with an aqueous solution of sodium carbonate until the washings became 
alkaline. After repeated washing with watar, the reaction liquid was diluted with £00 cc of n-hexane. The 
reaction liquid was allowed to stand at with anhydrous sodium sulfate added thereto. One day later, 
the unreacted diol which had separated out during standing were filtered off again. The filtrate, with 10 mg 

6S of MEHQ added, was heated to 80"C under reduced pressure to remove n-hexane. Thus there was obtained 
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110 g of a mixturo of methacrylatB monoeater and dieater of 1,10-decanedioL The anatysis by HLC ahowad 
that the content of monoaster was 65 moi% and only a trace of unreacted dioi was contained. 

Into a 500 cc reactor was charged 22.9 g of phosphorus oxychlorido dissolved in 100 cc of ethyl ether, 
followed by cooling to -SO^C. 81 .5 g of the previously prepared ester mixture and 15.4 g of triethylamine, 
both dissolved In 120 cc of ethyl ether, were added alowly dropwise, through a 300 cc dropping funnel 
connected to the reactor, to the phosphorus oxychloride solution, with vigorous stirring, while blowing dry 
nitrogen. After dropping was complete, the reaction liquid was kept at -30^ for 3 hours, and then the 
reaction liquid was warmed to room temperature. The triethylamlne hydrochloride which had separated 
out was filtered off by a glass filter. To the filtrate was added 40 g of MBHQ and the ethyl ether was distilled 
away under reduced pressure to give nonvolatile liquid residue. Dtmethacrylate in the residue was 
extracted out with four 200 cc portions of n-hexane, and then residual n-hexane in the residue was distilled 
away under reduced pressure. Thus there was obtained 37 g of oiiy substance. It was confirmed by 
elemental analyses and H* — and P*"— NMR that the oily substance is a compound of the following 
formula; 

H2C=C-COOfCH2-^io-0-P-Cl W 



CI 

Example 1 

A two pack primer of the following composition was prepared fram the compound (B) synthesized In 
Production Example 2. 

Parts by weight 

Formulation 1. 

2,2-Bis[methacryloyloxYpalyethoxyphenyl|propane 55 
Triethylene glycol dimethacrylate 35 
Compound (B) 10 
Benzoyl peroxide 2 
Formulation 2. 

Ethanol 100 
Sodium benzenesulfinate 3 

N,N-diethanol'p*tolutdine 1 

A specimen for adhesion was prepared by embedding a human molar In an epoxy resin In a cylindrical 
holder and then cutting the crown so that the dentin was exposed. On the other hand, a quadrangular prism 
of water-containing ivor/ measuring 10 x 10 x 30 mm was provided. The surface of the dentin and the end 
of the ivory prism were polished with #1000 sand paper. The polished surface of the dentin was covered 
with a piece of adhesive tape having a hole 5 mm in diameter. This hole establishes the area of adhesion. 
Formulation 1 and formulation 2 were mixed In equal quantities, and the mixture was applied to the dentin 
surface and the end of the Ivor/ prism. Immediately, air was blown to the coated surfiace by using an air 
syringe to vaporize ethanol. A commercial dental composite "C!earfil-F" was mixed and the resulting paste 
was cast up on the end of the ivory prism. The ivory prism was pressed against the surface of the dentin, 
with the paste interposed between the two surfaces. After being kept pressed for 30 minutes, the dentin 
specimen and the ivory prism which had been bonded together were dipped In water at 37'C for one day. 
Tensile bonding strength was measured. The bonding strength was 7 MPa (70 kg/cm') when failure 
occurred at the dentin-composite resin Interface. 

Comparath/e Example 1 

Example 1 was repeated except that the compound iB) was replaced by the compound (C) of the 
following formula which is described in Japanese Laid-open No. 151607/1982. 

CH3 0 

I II ci 

H2C=C-COOCH2CH2-0-P< (C) 

The tensile bonding strength was 0.4 MPa (4 kg/cm^. 
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Example 2 

A powder-liquid type adhesive of the following composition was prepared from the compound (A) 
synthesized fn Production Example t. 

5 Parts by weight 

Formulation 3. 

Methyl methacrylate 97 

70 Compound {A) 3 

Benzoyl peroxide 2 

MEHQ trace amount 

IS 

Fomiulation 4. 

Polymethyl methacrylate powder 100 

20 Sodium benzenasulfinate 5 

NfN-diethanol-p-toluidlne 2 

According to the method as deacribod in Example 1, a specimen of dentin of a human tooth and an 
25 Ivory prism were provided. Formulation 3 and formulation d were mixed in equal quantities. The resulting 
viscous slurry was applied to the dentin surface covered with a piece of adhesive tape having a hole 5 mm 
in diameter and to the end of the ivory prism. The dentin specimen and the ivory prism were pressed 
against each other. After being kept pressed for 30 minutes, they were dipped in water at ST'C for one day. 
Tensile bonding strength was measured. Tha bonding strength was 8 MPa (62 kg/cm') when failure 
JO occured at the dentin-resin interface. 

Comparative Example 2 

Example 2 was repeated except that the compound (A) was replaced by the compound (D) of the 
following formula. 

CH3 0 
(^2C»C-COOCH2^3-C-CH2-0-P-Cl ( D ) 



35 



40 



I 

CI 

The tensile bonding strength to dentin measured according to the method of Example 2 was 1.3 MPa 
(13 kg/cm^). 

Example 3 

^ A powder<liquid type adhesive of the following composition was prepared from the compound (B) 
synthesized in Production Example 2. 



so 



Parts by weight 

Formulation 5. 

Methyl methacrylate 97 

Compound (B) 3 

Benzoyl peroxide 2 

MEHQ trace amount 
Formulation 6. 

60 

Polymethyl methacrylate powder 100 

Sodium benzenesulfinate 5 

05 N,N-dlethanol-p-tolufdine 2 
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The rwuWng adhesive was evaluated with respect to adhesion to the dental Nl— Cr alloy <NI: 92.7%, 
Cr: 6%, and others: 1.3%) and the dental porcelain IVila VMK 68, No. 511PI. 

The Nf— Cr alloy was cast into a square plaie measuring 4 x 10 x 10 mm. The porcelain specimen was 
also formed into a square plate measuring 4x10x10 mm. The 10 x 10 mm surfaces of the aMoy plate and 
* porcelain plate were polished with #1000 sand paper. The poUshed surface was used as the adherend. The 
adherend was covered with a piece of adhesive tape having a hole 5 mm in diameter. This hole establishes 
the area of bonding. On the other hand, a stainless steel round rod measuring 7 mm in diameter and 30 mm 
long was provided. The end of the rod was pofished by sandblasting v(/ith alumina barash^e haying an 
average particle diameter of 33 vim, Fonmulaticn 5 and fomiuladon 6 were mixed in equal quantities. The 
resulting viscous paste was thickly applied to the end of the stainless steel rod. Immediately after 
application, the end of the stainless steel rod was pressed perpendicularly against the adherend of the 
Nl— Cr alloy specimen and the porcelain specimen. After adhesion, the specimens were dipped in water at 
jrc for 3 days. The tensile bonding strength was measured on an Instron tensile tester {at a crosshead 

speed of 2 mm/min}. _,. ., • ♦-^-♦-h 

In the case of Nl— Cr alloy, the cohesive failure of the adhesive occurred in all of ten specimens testeo, 

and the average bonding strength was 27 MPa (27S kg/cm^). .... j j 

In the case of porcelain, both Interfacial failure (at porcelain side) and cohesive failure occunred, and 
the average bonding strength was 14 MPa {146 kg/cm'). 

10 Comparative Example 3 

Formulation 7 was prepared according to the following composition, in which compound {£) has the 
following formula 

25 CH2=C(CH3)COOCH2CHCH2q5rfC(CH3)20OCH2CHCH2OOC(CH3)C-CH2 

0 0 

1 I 
C1-P=0 C1-P=0 

so I I 

CI CI 

Parts by weight 

SS Formulation 7. 

Methyl methacrylata ^® 

Compound (E) ^ 

Benzoyl peroxide ^ 

(VIEHQ amount 

4S Formulation 7 was combined with fonnulation 6 in Example 3 to give a P?^^Q''-«q"!^^^P/^ ^^^fr^^; 
The bonding test was carried out in the same manner as In Example 3. After d.ppmg m water at 3rC for 3 
Sys bondPn?^ was measured. The bonding strength for the Ni-^r ailoy specimen was 9.6 MPa 
(98 kg/cm*) and that for the porcelain specimen was 5 MPa (52 kg/cm ). 

so Example 4 a tax 

A powder-liquid type adhesive of the following composition was prepared from the compound \B) 
synthesized in Production E.xample 2. 

Parts by weight 

S5 Formulation 8. 

2,2-Bls(methacrvloyloxypolyethoxyphenyl]propane 60 

1,6-Hexanediol dtmethacrylate ^ 

10 



40 



00 



65 MEHQ 



Compound (B) 

2 

Benzoyl peroxide 

trace amount 
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Formulation 9. 

Silane-treatod quartz powder 100 
5 Sodium benzeneauifinate 

N,N-d[ethanol-p-toluldine 0-8 
The resulting adhesive was evaluated with respect to adhesion of the dental Co-Cr alloy to a bovine 

^°^^The Co-Cr alloy (Co: 62%, Cr: 32%, Mo: 3.5%, others: 2.5%) was cast Into a round rod. 5 mm In 
diameter and 15 mm long. The end of the rod was polished by sand-blasting. On the other hand, the 
enamel surface of the bovfm, tooth was polished with #1000 sand P«P«' f fl^*^'^"^ 
stand the above-mentioned round rod. The flat surface underwent acid etching with s^^'^Vl? 

rs of phosphoric add. Formulation B and formulation 9 were mixed In a ratio of 1 :3.5. The ^^ul^g pas^ 
adhesive was applied to the end of the round rod of Co^r alloy. The end of the rod was Pressed against 
the etched enamel surface. The superfluous paste which had been forced out was ^^^^^^^ carefuily^^^^^^ 
being kept pressed for 1 hour, the spedmens were dipped in water at 3rc for 1 month. The bonding 
suength was measured on an Instran tensile tester. The average bonding strength of Ave sPQCimens was 

20 12.5 MPa (128 kg/cm^. Failure occurred at the Interface between the adhesive and the enamel surface. 

Examples 5 to 9 j - t- ui 

Adhesives were prepared In the same way as In Examples 1 and 3 from the compounds listed m Table 
1. Their bonding strength for the dentin of human teeth, the Nl-Cr alloy, and the dental porcelain was 
measured as In Examples 1 and 3. The results are shown In Table 1. 
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Table 1 



Ex am- 
ple No 



Compound 



Bonding strength in kg/cm (MPa) 

Human Ni-Cr Force- 
teeth alloy lain 



8 



H 2C^C-C0OCH 2-(2)-CH 2O-P-CI 

CI 

?' i 

H 2C=C-C00.CH 2-{h^CH 2O-P-CI 

CI 



65 230^ 108^ 

(6,M (22.5) (10.6) 



66 196 102 

(6.5) (19.2) (10.0) 



^3 ? 
H 2C=C-C0OCH 2CH 2CHCH 2C H 2-0-P-F 



I 



60 
(5.9) 



173 
(17.0) 



84 
( 8-2) 



CH 



3 



CH 



0 

n 



H2C=C-COOCH2CH20-(o>-CH2CH2-0-P-Ci Jl^^ 



301 
(29.5) 



(11.3) 



CI 



CH3 0 

I II CI 

H2C=C-C00CH2CH-O-P-<^^ 



(lA) il'o) 



CH200C^CH2'^6-<^"3 



Example 10 

As the adherends, round rods measuring 7 mm In diameter and 25 mm long were prepared from iron, 
aluminum, copper, a-aiumina, glass, polymethyl methacryalte, and polycarbonate. The end of each rod 
was polished with *1000 silicon carbide sand paprfr 

Formulation 5 and formulation 6 in Example 3 were mixed in equal quantities. Tha resulting pasty 
adhesive was applied to the polished end of the rod, and t^vo rods of the same kind were butted together. 
After 1 hour, the bonded specimens were dipped in water at room temperature for 1 week. The tensile 
bonding strength was measured. The results are as follows: 



Iron 

Aluminum 
Copper 
a- Alumina 
Glass 

PolymethYl methacrylate 
Polycarbonate 



332 kg/cm' (3^6 MPa) 
296 kg/cm^ (29.0 MPa) 
218 kg/cm* (21.4 MPa) 
235 kg/cm* (23.0 MPa) 
96 kg/cm' (9.4 MPa) 
191 kg/cm» (18.7 MPa) 
152 kqfcm^ (.14.9 MPa) 
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Comparative Exampis 4 

The samo adhesive as in Example 3 was prepared except that the compound (B) in formulation 5 was 
replaced by a compound of the formula 

Br 

/ 

CHj-CHiCsHglCHaOP 

\ 

Br 

which is described in Japanese Patent Laid-open No. 151607/1982. The resulting adhesive was evaluated in 
the same way as in Example 10. The tensile bonding strength for iron, aluminum^ copper, a-aiumina, and 
glass was lower than 4.9 MPa (50 kg/cm'l. and that for polymethyl mothacrylato and polycarbonate was 
lower than 14.7 MPa {150 kg/cm^). 



Example 11 

A cylindrical cavity measuring 4 mm fn diameter and 4 mm deep was formed on the lingual surface of a 
human molar by using a diamond bur. The cavity was dried by using an air syringe. A mixture of equai 
quantities of formulation 1 and formulation 2 in Exampie 1 was applied to the entire cavity wall. Air was 

20 blown to the coated surface by using an air syringe to vaporize ethanol. A commercial dental composite 
rasin "Clearfil-F" was filled in the cavity in the usual way. The tooth specimen was dipped In water at 3TC 
for 1 day. Then, the tooth specimen was dipped in water at 4X and water at 6(rC alternately 100 times for 1 
minute each. The water was colored with a dye. The tooth specimen was cut with a cuner to see if the dye 
had infiltrated into the interface between the tooth and the filling material. The infiltration of the dye was 

25 not found at ail. 

Exampie 12 

A conical cavity measuring 6 mm in diameter and 4 mm deep was formed on the occlusal surface of a 
human molar. An inlay that fits in the cavity was cast from type 111 gold alloy. A 1 :3.5 mixture (by weight) of 
30 formulation Sand formulation 9 in Example 4 was applied to the conical surface of the Inlay. The inlay was 
forced into the cavity to effect bonding. After 30 minutes, the tooth specimen was dipped In water at J7X 
for 1 day. Then, the tooth specimen was subjfictfld to thermal cycling test by dipping in water at 4"C and 
water at SCC alternately. After the test, the inlay stayed in the cavity so finely that it could not be pried off 
by a knife tip. 

Example 13 

A 1-mm thick plate that fits to the lingual surface of a human anterior tooth was prepared by casting 
from an Ni— Cr alloy (Ni: 76%, Cr: 12% Mo: 3%, others: 9%). The surface of the casting that comes Into 
contact with the tooth was polished by sandblasting with 33-micron alumina abrasive. The lingual surface 
40 of the anterior tooth undenrtrent acid etching for 1 minute with 40% aqueous solution of phosphoric acid. 

A 1 :3.S mixture (by weight) of formulation 8 and formulation 9 in Example 4 was applied to the surface 
of the casting. The casting was bonded to the lingual surface of the anterior tooth. After 10 minutes, the 
bonded specimens wef« dipped in water at src for 1 day. The tansite bonding strength was 16.1 MPa{164 
kg/cm*). Intarfacial failure occurred at the tooth surface. 

Example 14 

A pit and fissure sealant for filling the fissure of a molar was prepared according to the following 
composition. 

Parts by weight 

Formulation 10. 

2.2-Bis<methacryloyloxypolvethoxyphenYl)propane 60 
5S Neopentylglycol dimethacrylato 30 

Compound lA) 

Benzoll peroxide ^ 

60 
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Formulation 11. 



Bis-GMA 


40 


HEMA 


40 


Neopentyiglycoi dimsitiacryiate 


20 


Sodfum benzenesuifinate 


2 


N,N*dfethano)-p-toluidme 


2 



• ' TZ" e»<Plorer, followed by washing and drying. The 

mfnlc formulation 10 and formulation 11) was filled in the fissure without «tchin|. Ten 

w« hT™hT ^.V~°°^ specimen was dipped !n water at 37*0 for 1 day. Then, the tooth specimen 
was dipped In waterat AX and water at 60«C alternately 100 times for 1 minute each. The water was colored 

bZ^Jn'th^l^'^H^'"'^" r^'^i'^L' T"' '° ^'^'^ ''"filtrated fmo the interface 

oetween the tootti and filling matenal. The infiltration of the dye was hardly found. 

Example 15 

h,.n,»„ m^tl'^"^ measuring 4 mm in diameter and 4 mm deep was formed on the buccal surface of a 
human molar by using a diamond bur. The cavity wall underwent acid etching for 1 minute with 40% 

i^a^^ i '^A4 '^^J^"S '^' ^ 3"*^ <^^*"8. The paste obtained by mixing 

m,w^ * J* formuletion 9 ,n Example 4 in the ratio of 1:3.5 by weight filled in the cavity. Ten 

ZThl ^„a- * "P""'"?*" ^" '""P"'* « for 1 day. Then, the infiltration of dye 

C hard^fSund ««""ned m the same manner as in Example 4. The infiltration of the dye 

Claime 

1. An adhesive comprising (al 1 part by weight of a polymerizable monomer represented by the 



formula: 



Ri O 0 

I II N 

H2C=C-d-X,-R,-(X2),,-P- 



■z 

(1) 



z 

^ In which k is 0 or 1, R, is a hydrogen atom or methyl radical; R. is a organic n»idue not containing an 

R, 0 

I I 

H2C=C— C— X| — • 

^ group and not containing a 



— P— Z 

I 

Z 



?, « .^H^ ^ <"■ different, is an oxa or Ihia group or a group NR' where R' 

IS a hydrogen atom or a C,^ hydrocsrbon group, and 2 Is a halogen atom (F, CI, Br or^and (b) 0 to 199 
parts by weight of monomer that is copolymerizable with said monomer (a). Ib» 0 to 199 

Z An adhesive as claimed in Qaim 1 or 2, in which fl. is (ij a C,.„ hydrocarbon aroup ootionallv 
having halogen, hydroxy! or carboxyl substitution, or (II) a Cw organrc rwidW n wh^S t£^o to se2 
C, „ hydrocarbon groups, at least one of which has 3 or morvcartion atoms and anvor all S 
ogonanyhas cr^jave hal^aa hyd^^r c^boxy. substitution, are connSoTneTnoTheMhS^ 
— -COO-, —COS—, — CS-. -NR'CO-, -NHCOO-, -CO—, -SOj, -N<, or 

OO- 

1/ 



\ 

^ 0— 
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linkage, where R' denotes H or a Ct-a hydrocarbon group. 

3. An adhesive as claimed in Claim 2, in whfch k is 1, and X, and Xj are — O— . 

4. An adhesive as daimed in Claim 3, in which R, is —{CHJ^— where n Is an Integer from 6 to 20. 

5. An adhesive as daimed In Claim 3, in which R. is 

-CH2-^^^^^ , '^"^"(5^CH ' "CH2CH2CHCH2CH2- 

CH3 

6. An adhesive as claimed in Oaim 3, in which R. is 



^-^OfCH2^, 



where q Is 2, 3 or d. 

7. An adhesive as claimed in Claim 3. in which R. is 

-CHaCH- 

CH,0(CO)p-R, 



where p is 0 or 1 and Ri, is a C,.,, hydrocarbon group, 

8. An adhesive as claimed in Claim 1, in which 0.01 to 20 parts by weight of a curing agent is 
25 incorporated per 100 parts by weight of the polymerizable monomers (ai + (b). 

9. An adhesive as claimed In Claim 8, in which the curing agent is redox-type polymerization initiator or 
a photosensitizer. 

10. An adhesive as claimed in any preceding claim, in which a volatile organic solvent having a boiling 
point lower than 150"C at 760 Torr is incorporated, the amount of it being less than 300 times (by weight) 

50 the weight of the polymerizable monomers (a) + (b). 

1 1. An adhesive as claimed in any preceding claim, in which 20 to 500 parts of a filler Is incorporated 
per 100 parts by weight of the polymerizabia monomers (a) + jb}. 

12. An adhesive as claimod in preceding claim. In which the vinyl monomer (b) Is of the (methlacrylate 
ester or sty rare type or a vinyl acetate, 

3S 13. A dental adhesive as claimed in Claim 8 or 9 or as claimed in Claim 10 as dependent on Claim 8 or 9, 
for use In applying to the wall of tooth cavfty before filling a dental composite resin into the tooth cavity. 

14. An adhesive as claimed in Claim 11 as dependent on Claim 8 or 3, for use in filling into a tooth 
cavity. 

15. An adhesive as claimed in Claim 11 as depandent on Claim 8 or 9 for use in bonding between a 
40 tooth and a dental restorative material or between dental restorative materials. 

16. A dental adhesive as claimed in Claim 8 or 9, for use in coating a tooth surface for prevention of 
dental caries. 

17. An adhesive as claimed in Claim 9, In which the curing agent Is an Initiator of the redox type, made 
up into two or three packs, one of which contains the oxidizing component and the otheris) the or eech 

45 reducing component of the initiator, the other ingredient being distributed between the packs. 

18. An adhesive as claimed in Claim 8 made up into two packs, in which the curing agent is in one pack 
and the vinyl monomer {bl In the other. 



Patentanspriiche 

1. Klebstoff aus (al 1 Gew.-Teil eines polymerlsierbaren Monomeren der Formal 



HgCsC— C-X, -R^-(X2)^-P-Z 



n 

(1) 



I 

z 

worin k 0 Oder 1, R, ein Wasserstoffatom Oder etn Methylrest, R, ^n organischer C|.4Q-Rest ist, der keine 

Ri 0 

I il 

HjC=C — C — X, -Gruppe 
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und kalne 

O 
I 

— p — Z -QruppB 



enthSIt, ieder der Substituenten X, und X^, d(o gleich oder verschiedsn sind, sme Oxa* oder Thtagmppa 
JO Oder elne Gruppe NR' Ist, wobef R' e\n WasRorstoffatom odor eine C,_6-Kohl8nwasserstoffgruppe ist, und Z 

em Halogenatom (F, CI. Br oder J) ist, und (b) 0 bis 199 Gew.-Teilen eines Monomeren, das mit dem 

Monomeren (a) copolymerisierbar ist. 

Z Klebstcff nach Anspruch 1, worin (I) eine Cs-jo-Kohlenwasseratoffgruppe, gegebenenfalls mit 

etner Halogerv. Hydroxyl* Oder Carboxylsubstitution, oder (iii) ein organfscher Ct.3o-Re8C ist, in weichern 2 
JS bis 7 Ci.jf'Kohtenwasserstoffgruppen, von denen wenigstens eine 3 oder mehr Kohienstoffatome besltrt 

und irgendeine oder alle davon gegebenenfalls eine Halogen, Hydroxyl- Oder Carboxyl-Substitutfon 

aufwerst brw. aufweisen, mrteinander fiber eine — 0 — , — S — » —COO—, — CSO— , — CO^-, — CS— , 

— NR'CC^, — NHCOO— , —CO-, —SO,-. — N<, oder 

20 O Q_ 

— o— p 

\ 

0- 

Verknupfung verbunden sind, worin R' fur H oder eine Ct-^Kohlenwasserstoffgruppe steht 

3. Klebstoff nach Anspruch 2, worin k 1 ist und X, und X, — O— sind. 

4. Klebstoff nach Anspruch 3, worin R, — {CHj)^— , worin n eine ganze Zahl von 6 bis 20 ist, bedeutet 

5. Klebstoff nach Anspruch 3, worin R, 

-^^Z'^^L^ ^ f "^"Z-^H^ , Oder .CH2CH2CHCH2CH2- 
CH2 CH2- 



25 



30 



40 



3S ist 



6. Kfebstoff nach Anspruch 3, worin R, 



^-^OtCH2^^ 



wobel q 2, 3 oder 4 Ist, bedeutet. 

7. Klebstoff nach Anspruch 3, worin R, 



45 

— CHjCH- 

CH,0{CO|p-R„ 

SO wobei p 0 oder 1 ist und R^ eine Cj.ts'Kohlenwasserstoffgruppe ist, bedeutet 

8. Klebstoff nach Anspruch 1, worin 0,01 bis 20 Gew.-Teile eines HSrtungsmittels pro 100 Gew.-Teile 
der polymerisierbanen Monomeren (a) 4- (b) eingemengt sind. 

9. Klebstoff nach Anspruch 8, worin das Hdrtungsmittel ein Redoxtyp-Polymerisationsinitiator oder etn 
Fotossnsibiilsator Ist 

gg 10. Klebstoff nach einem der vorhergehenden AnsprOche, worin ein flOchtfges organisches 
Losungsmittel mit ainem Siedepunkt von wenlger ats 160*0 bei 760 Torr eingemengt ist, dessen Menge 
weniger als das 300-facha (bezoyen auf das Gewicht) des Gewichts der polymerisierbaren Monomeren (a) 
+ (b| betragt 

11. Klebstoff nach einem der vorhergehenden AnsprOche, worin 20 bis 500 Telle eines Riilstoffs pro 
50 100 Gew.-Teiie der polymerisierbaren Monomeren (a) -f- (b) eingemengt sind. 

12. Klebstoff nacli einem der vorhergehenden AnsprOche, worin das Vinyimonomere (b) ein 
(Meth)acrylat9ster oder eine Styroltyp oder ein Vinylacetat ist. 

13. Dental klebstoff nach Anspruch 8 oder 9 oder nach Ansoruch 10 in Abhangigkeit von Anspruch 8 
Oder 9 fOr eine Verwendung zur Aufbringung auf die Wand einer Zahnkavitit vor dam Einfullen eines 

^ Dentaiverbundharzes in die Zahnkavitat 



24 



EP 0 120 559 B1 

14. Klebstoff nach Anspruch 1 1 in Abhdngtgkeit von Anspruch 8 Oder 9 fur eine Verwendung zum 
Einfullen in eine Zahnkavitit 

15. Klebstoff nach Anspruch 1t in Abhdngigkeit von Anspruch 8 odor 9 fOr eino Vorwendung in etner 
Bindung zwischen 9(nem Zahn und einem Zahnreparaturmaiertal oder zwischsn Zahnraparaturmateriailen. 

5 16. Oentaikiebstoff nach Anspruch 8 Oder 9 Tur eine Verwendung m etnem Ctberzug ainer 
Zahnoberfldche zur Verhinderung einar Zahnkaries. 

17. Klebstoff nach Anspruch 9, in welcham das H5rtungsrnittQl ein Initiator des Redoxtyps ist, das in 
zwei Oder drei Packungen verpackt ist« von danen eine die oxidierende Komponente und die andere(n) die 
Oder jede reduzlerende Komponente dea Initiators anthdlt (enthalten), wobei der andere Bestandteil 

10 zwischen den Packungen verteilt I'sf. 

18. Klebstoff nach Anspruch 8, verpackt in zwei Packungen, wobei sich daa Hdrtungsmittel in einer 
Packung und das Vinylmonomere (b) in der anderen Packung befindat. 
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Revendlcations 

1. Un adh^sif comprenant (a) partie en poids d'un monom^re polym^risable repr^sent^ par la formule: 



(I) 




dans laquelte k est 0 ou 1 , est un atome d'hydrogene ou un groupe methyie; est un reste organique en 
25 ne contenant pas de groupe 

I 



et ne contenant pas de groupe 



0 

i 

■P-Z; 

I 

Z 



chacun de Xi et X^, qui sont sembiables ou differents. est un groupe oxa ou thia ou un groupe NR' oCi R' est 
40 un atome d'hydrogdne ou un groupe hydrocarbon^ en C^.a et Z est un atome d'halog^ne (F, CI, Br ou 0; et 

(b) 0 a 199 parties en poids d'un monom^re copolymerisable avec ledit monomsre (a), 

2. Un adhaaif seion la revendication 1, ou R, est (i) un groupe hydrocarbone en Ca-jo ayant facultative- 

ment une substitution hafogene, hydroxyle ou carboxyle, ou (ill un reste organique en C«.30/ dans lequel 2 

^ 7 groupes hydrocartonds en Ci^jS' dont au moins un a 3 ou plus de 3 atomes de carbone et dont un 
45 nombre quelconque a facultativement une substitution halog^ne, hydroxyle ou carboxyle sont raccord^s 

antra eux par une liaison , — S— , —COO—, — CSO— . —COS—, — CS— , — NR'CO— , — NHCOO— , 

—CO — , — SOj— r — N< ou 



J/- 

— 0— P 

\ 

0— 

oO R' rapresente H ou un groupe hydrocarbon^ en Ct.fi. 

3. Un adhesif selon la revendication 2, ou k est 1 et et Xj sont — O— . 

4. Un adhesif selon la revendication 3, ou est — (CHa)„— ou n est un entier de 6 ^ 20. 

5. Un adhesif selon la revendication 3, ou R. est 

•CH2-^^ , -^«2-{h^ ' °" -CH2CH2CHCH2CH2- 

^ CH3 
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6. Un adhdsrf salon la revendicatton 3, ati est 



oiji q 8St 2, 3 ou 4. 

7. Un adhesif selon la revendication 3, ou est 



I 

CH,o(co)p-n» 

6n C 

8? lin adhesif selon la revendication 1, dans (equel 0.01 d 20 parties en poids d'un agent de 
durcfssement sent incorporees pour 100 parties en poids des monomdres polym^risables (a) + {bl 

9. Un adhesif selon la revendication 8, dans lequel I'agent de durcissement est un amorceur de 
polymerisation de type redox ou un photosensfbillsateur. 

10. Un adhesif selon Tune quelconque des revendications precedentes, dang lequel un solvant 
organique volatll ayant un point d'6bultitton inferieur S 150*C a 101 kPa (760 torrsf est fncorpor6, sa quantity 

20 6tant Inf^rieure ^ 300 fois {en poids) le poids des monomeres polymerisables (a) + (b). 

11. Un adhesif selon I'une quelconque des revendications precedentes, dans lequel 200 & 300 parties 
d'uno charge sont incorpor6es pour 100 parties en poids des monomeres polymerisables (a) + (bl. 

12. Un adhfeif selon I'une quelconque des revendications pr^cddentes, dans lequel la monomere 
vinylique (b) est du type ester (methlacrylique ou styrdne ou un acetate de vlnyie. 

13. Un adh6sif selon la revendication 8 ou 9 ou selon la revendication 10 rattach^e a la revendication 8 
ou 9, pour I'emploi dans ('application k (a paroi d'une cavite dentaire avant I'obluration de la cavite dentaire 
avec une resine composite dentaire. 

14. Un adhesif selon la revendication 11 rattach6e ^ ia revendication 8 ou 9, pour I'emploi dans 

Tobturation d'une cavite dentaire. . 

15. Un adhesif selon la revendication ^ 1 rattachee a la revendication 8 ou 9, pour Temploi dans I union 
d'une dent et d'un materiau de reslauration dentaire ou I'union de mat^riaux de restauratlon dentaire. 

16. Un adhdsif dentaire selon ia revendication 8 ou 9, pour I'emploi dans le revfitement d'une surface 
dentaire pour la pr^ention des caries dentaires, 

17. Un adhesif selon la revendication 9, dans lequel I'agent de durcissement est un amorceur de type 
redox constttu^ de deux ou trois composants dont I'un conttent le composant oxydant et !e ou les autres le 
ou chaque composant r^ducteur de ramortreur, I'autre ingredient etant reparti entre les deux composants. 

18. Un adhesif selon la revendication 8 constftu6 de deux composants, dans lequel I'agent de 
durcissement est dans un composant et le monomere vinyiique ib) dans I'autre. 
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